Acute abdominal pain (colic) is the most common reason for emergency veterinary treatment in the horse. Consolidation of data through a systematic review is important to inform evidence-based medicine and clinical guidelines, but there are currently no published systematic reviews on colic in the horse. The aim of this study was to identify, categorize and appraise the evidence on factors associated with increased risk of developing abdominal pain (colic) due to gastrointestinal disease in the adult horse. A scoping review was performed to identify and categorize evidence on all risk factors for colic. A systematic review of management-related risk factors was then performed following PRISMA guidelines. Both searches were conducted in Medline, CAB Abstracts and Web of Science databases, and publications were assessed against inclusion and exclusion criteria. For the scoping review, study and participant characteristics of included publications and key results were extracted and tabulated. For the systematic review, cohort, case-control or cross-sectional studies investigating acute abdominal pain in horses within two weeks of management changes were assessed. Study characteristics, participant characteristics and study results of included publications for the systematic review were extracted and tabulated. Included publications were appraised using the Joanna Briggs Institute Critical Appraisal Tools for cohort, case-control and cross-sectional studies. The scoping review search identified 3,756 publications. Fifty eight studies met final inclusion criteria, and 22 categories of risk factors were identified. These were grouped into three broad areas: horse-related factors, managementrelated factors and environment-related factors. The largest body of evidence related to management change. The systematic review of management change identified 410 publications: 14 met inclusion criteria for analysis. These consisted of one cohort, eight case-control and five cross-sectional studies. The studies were conducted between 1990-2008, and the majority of studies were located in the USA (8/14) or UK (3/14). The risk factors related to management change that were assessed were feed, carer, exercise, pasture, water and housing. The largest bodies of evidence for increased risk of colic associated with management change were changes in feed (5/14 publications) and recent change in housing (3/14). Funding: Dr Laila Curtis PhD studentship was funded by the University of Nottingham. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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Introduction
The term 'colic' is used to describe abdominal pain in the horse [1] . It can be caused by a range of different diseases affecting the abdominal organs, but acute gastrointestinal disease is the most common reason for horses showing signs of colic [2] . Colic is the most common reason for emergency veterinary treatment [3] , and a major reason for death or euthanasia across a range of international studies [4] [5] [6] . Recent research has shown that approximately one fifth of colic cases that presented in primary practice are critical (requiring intensive medical care, surgery, euthanasia or that result in death), and up to 16% of cases that present with colic are euthanased or die [2] , highlighting that colic is a major health and welfare concern in the horse.
Understanding the factors associated with an increased risk of horses developing abdominal pain is important for both horse owners and veterinary surgeons; evidence on risk factors can help identify animals at increased risk, and inform management strategies to reduce or prevent disease. There have been many attempts to identify risk factors for abdominal pain, and these are represented by a wide and diverse range of publications using a range of approaches. Some studies have investigated factors associated with abdominal pain caused by a range of different diseases [1, 7, 8] , whilst others have investigated factors associated with specific diseases causing clinical signs of abdominal pain [9] [10] [11] . Currently there are narrative reviews of risk factors for colic [12, 13] , but no published systematic reviews in this area. Consolidation of evidence through a systematic review is important to identify the best-evidence available, highlight gaps in the current research [14] , and contribute to evidence-based guidelines to assist horse owners and veterinary surgeons. Scoping reviews are essential where there is a large and diverse evidence base, to provide a broad overview of the current evidence, and identify areas suitable for more detailed evaluation in a systematic review [15] . There are a range of different frameworks which have been developed to optimise the process of systematic reviews. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) is widely accepted as the methodological framework for systematic reviews, and is recommended by many journals. PRISMA provides an evidence-based minimum set of items that should be evaluated and reported, and their resources include a standardised checklist and flow diagram [16] . In addition to this, there are large organisations / collaborative groups which both conduct systematic reviews, and provide detailed methodological information and training on performing systematic reviews. Cochrane is a global network developed to promote evidence synthesis, systematic reviews and promoted evidence-based decisions in human medicine [14] . The Cochrane Systematic Reviews are probably the most well recognised collection of systematic reviews in healthcare worldwide. There are a number of other organisations that do similar work, sharing methodology, providing training and collating systematic reviews, including the Joanna Briggs Institute (JBI). The JBI resources include a range of critical appraisal tools for different study designs, to enable individual studies to be evaluated [17] . The common goal of all the organisations is to develop high quality evidence to underpin clinical decision-making.
The aim of the scoping review was to systematically identify and map the current evidence on factors associated with the development of abdominal pain associated with gastrointestinal disease in the adult horse.
The objectives of the scoping review were: To identify the currently available, published, peer-reviewed literature on risk factors for abdominal pain (colic) in adult horses through a systematic search of databases, To extract data on study and participant characteristics from included publications to categorise key themes and findings and identify bodies of evidence suitable for future systematic review/s.
The outcomes of the scoping review were used to inform the risk factors that were investigated in detail in the systematic review.
The aim of the systematic review was to appraise current evidence on the association between management-related factors and risk of developing abdominal pain associated with gastrointestinal disease in adult horses, compared to horses that have not been exposed to a management-related factor.
The objectives of the systematic review were: To identify the currently available, published, peer-reviewed literature on managementrelated factors associated with the risk of developing abdominal pain in adult horses through a systematic search of databases,
To evaluate the quality of evidence on management-related factors associated with the risk of developing abdominal pain using the Joanna Briggs Institute-Mastari Tools,
To summarise the evidence on management-related risk factors for abdominal pain to develop recommendations on preventative measures and future research.
Materials and methods

Protocol and registration
The scoping review adheres to The Joanna Briggs Institute (JBI) systematic scoping review protocol guidelines [17] in addition to findings by Tricco et al. [18] . The systematic review adheres to PRISMA guidelines (S1 Checklist). Neither review protocols were registered externally. Protocols for both the scoping review and systematic reviews were developed prior to data extraction (S1 Protocol and S2 Protocol, respectively). 23 .04.18 only are presented in this paper. A primary literature search of the databases for the systematic review was conducted on 29.1.18. The results of each search were downloaded into bibliological software EndNote X6 (Thomson Reuters). Duplicates were searched for by author, title and reference and the least complete citation of each duplicate was deleted within EndNote after each database search and extraction was complete. Publications were then assessed through three stages: review of titles for suitable publications, review of abstracts against inclusion and exclusion criteria, and review of the full publications. All titles within the EndNote library were examined, and their abstracts reviewed. Ambiguous titles were retained for further review at the next stage (review of abstract) (S1 Checklist).
Abstracts from these publications were independently assessed by two researchers (SF and LC), for agreement with inclusion and exclusion criteria (Tables 1 and 2 ). Any ambiguous publications were retained and reviewed in the next step (review of the full publication). The full text of the final publications were independently assessed by two researchers (SF and LC) to confirm eligibility for this review (S1 Checklist). 
Eligibility criteria
The inclusion and exclusion criteria for the scoping review is described in Table 1 . A new case of abdominal pain was described as such if onset occurred at least seven days after the end of the previous episode [19] . A study was included if the full text could be obtained from any of the University of Nottingham libraries or e-libraries, through University of Nottingham journal subscriptions, during one of three visits to the British Library, or from free online Open Access. In order to determine study design, published definitions were used [20] [21] [22] Charting process for the scoping review Data collection process. The primary researcher received formal (taught graduate programme) and informal (group and individual discussions) in systematic review methodology. To ensure a common methodological approach and identify any areas which required further clarification, both researchers reviewed together and discussed three of the systematic review papers using the Joanna Briggs Institute (JBI) Critical Appraisal tools [17] , prior to performing independent analysis of all papers. The final publications were independently examined by two reviewers (LC and SF). For each JBI tool criterion, publications were rated either 'Yes', 'No', 'Unclear' or 'Not Applicable'. Any disagreements that arose between the reviewers were resolved through discussion with a third reviewer (JB). Outcomes of this quality assessment were used to generate a summary of the critical appraisal of each study. Meta-analysis was not performed due to heterogeneity in methodology of the publications.
Data extraction. Study and participant characteristics of included publications for the scoping review were extracted and tabulated along with a separate table of key results and a summary of findings. Information collected from each publication included author, country of origin, study aims/purpose, study design, how colic was diagnosed, whether surgery/necropsy was used to confirm cases, trial sample size, number of horses with colic, study population, risk factors assessed by multivariable analysis and results.
Study characteristics, participant characteristics and study results of included publications for the systematic review were extracted and presented. Information collected from each publication included study date, design, how colic was diagnosed, whether surgery/necropsy was used to confirm cases, study population, trial sample size, number of horses with colic, which management factors were assessed and funding sources.
Quality appraisal and risk of bias for the systematic review. Methodological quality or risk of bias of included studies for the scoping review was not appraised, consistent with guidance on scoping review conduct [17, 18] .
Cohort, case-control and cross-sectional studies for the systematic review were appraised against the Joanna Briggs Institute Critical Appraisal tools appropriate for each study design.
Synthesis of results for the systematic review. Summary measures used by each publication in the systematic review were recorded. The methodological features of all publications were extracted and an evidence summary presented for each study.
Additional analyses. No additional analyses were conducted.
Results Part 1. Scoping review of all risk factors
Study selection
The initial search identified 5,943 publications; 3,756 publications remained following review of the titles and removal of duplicated publications. These abstracts were reviewed against inclusion and exclusion criteria. Full text review was performed on 79 publications; a total of 52 studies continued through to the final charting process (Fig 1) . https://doi.org/10.1371/journal.pone.0219307.g001
Scoping and systematic review of risk factors for colic in the horse
Study characteristics
The 52 included studies were published between 1989-2017. The majority (38/52) were published in or after the year 2000, with nine studies published in or after 2014. Of the 52 included publications on risk factors for colic, four studies were conducted across populations of horses based in more than one country and the remaining 48 were based in a single country. There were 19 based in the USA, 16 in the UK, two studies were based in Sweden, two were based in Iran, and the remainder of the publications consisted of one study each conducted across a range of countries (Albania, Austria, Canada, Denmark, Greece, Egypt, Italy, Netherlands, Nigeria) ( Table 3 ). The most commonly used study design was case-control studies (33/52 publications) and cross-sectional studies (11/52 publications); there were four retrospective cohort studies and four prospective cohort studies ( Table 3) .
Twelve of the 52 studies specified that they aimed to investigate risk factors associated with specific types of colic (idiopathic focal eosinophilic enteritis, epiploic foramen entrapment, duodenitis-proximal jejunitis, sand colic, enterolithiasis, ileal impaction, spasmodic colic, simple colonic obstruction and displacement, and colon volvulus). Three studies aimed to investigate risk factors associated with recurrent colic. The remaining 37 studies had aims relating to risk factors associated with colic across a range of different causes/diseases (Table 3) .
The diagnosis of colic was made by a veterinary surgeon in the majority of studies (38/52 publications), by the veterinary surgeon or carer in seven studies and the owner/carer in one study. The person who made the diagnosis was unclear or the information was not provided in five studies (Table 3) . Confirmation of the diagnosis on necropsy/surgery varied: ten of the 52 studies confirmed diagnosis on surgery/necropsy, 13 confirmed diagnosis on surgery/necropsy in some cases, 23 studies did not confirm diagnosis on surgery/necropsy, and in six studies this was unclear or not the information was not presented (Table 3) .
The majority of studies (25/52) were conducted in hospital populations (University teaching / private referral hospitals), 13 studies were conducted in general practice / multi practice populations, and eight studies in farms / herds / yard populations. The remaining studies were conducted in specific populations (e.g. horses that showed crib-biting behaviour, insured horses in Sweden, working equids in Egypt) ( Table 3) .
A wide variety of potential risk factors were investigated and further details are provided on these in Table 4 .
Key findings
There were 22 different risk factors reported as statistically significant from multivariable analyses across the 52 papers. The risk factors identified were categorised into three broad areas: horse-related factors, management-related factors and environment-related factors. The horse related factors were: age; gender; foaling history; breed; height; previous medical history; behaviour; medication. The management related factors were: carer; housing/turnout; premises; feed; water; exercise; anthelmintic prophylaxis; parasites; transport; hospitalisation; vaccination; dental care/disease. The environmental factors were: season; location (Table 4 ). The details of each factor and the key findings from each area are described in Table 4 .
Results Part 2. Systematic review of management change
Study selection
The initial search identified 633 publications; 410 publications remained following removal of duplicates, and review of the titles, and these abstracts were reviewed again inclusion/exclusion criteria. Full text review and assessment with the JBI critical appraisal tools was performed on 14 publications (Fig 2) .
Study characteristics
The data extracted on study characteristics consisted of the dates of the study, country, source of funding, study design, person making the diagnosis, whether diagnosis was confirmed on surgery/necropsy, sample size, and the management factors that were assessed ( Table 5 ).
The studies were conducted between 1990-2008; the dates of the study were unclear or not provided for two studies. The majority (7/14) were conducted within a 12-14 month period, four studies were less than 12 months duration, two studies were conducted over a five year period, and in one study, information on dates was not provided (Table 5) . 
The majority of studies were located in the USA (8/14) or UK (3/14). One study was located in the USA and Canada, one in Iran and one in Austria (Table 5) .
The most common sources of funding declared were University grant funding (4/14), equine charity funding (3/14), or State funding (2/14). Three studies had more than one source of funding. One study had contributions from a private donor, and one had contributions from a breed association. Five studies did not declare any funding sources ( Table 5 ).
The most common study design was case control (8/14), followed by cross-sectional (5/14), and one was a prospective cohort study (Table 5) .
A diagnosis of colic was made by a veterinary practitioner in most studies (9/14) , by a veterinary practitioner and/or carer of the horse in three studies, and by the owner/carer in one study. The person making the diagnosis was unclear in one study ( Table 5 ).
The diagnosis was not confirmed on surgery/necropsy in seven studies, was confirmed on surgery/necropsy in some cases in three studies, and this information was unclear or not provided in four studies (Table 5) . The number of horses in the sample populations in the 14 studies ranged from 260-7757, and the number of horses with colic in the 14 studies ranged from 23-1030 (Table 5 ).
The risk factors related to management change that were assessed in this analysis were feed, carer, exercise, pasture, water and housing (Table 5 ). 
Participant characteristics
The data extracted on study characteristics consisted of the yard/practice types, the respondent drop-out information, the age, breed and gender of the horses studied, and any additional specific demographic information or exclusions. The study population was sourced through yards/farms/direct approach to horse-owning population for six studies, primary veterinary practices for four studies, and referral hospitals for four studies (Table 6) .
Nine studies did not provide information on respondent drop-out. For the remaining five studies, this information included the number of non-respondents to questionnaires (3/14 studies), the number of unmatched horses in a case control study (1/14 studies), and the number of yards who declined to participate or only provided partial information (1/14 studies) ( Table 6 ).
The mean or median reported age for horses with colic was most commonly between 7-11 years old (six studies), three studies did not provide data on the age of their population, three studies used age categories/ranges, and two studies reported a mean age of four or less (Table 6 ).
The breed or type of horses involved was reported in most studies-in one study this information was not provided and in another it was not clear. Eleven of the studies involved more than one breed, and all of these included thoroughbred; one study involved only thoroughbreds (Table 6) .
Information on the gender of the horses was not reported in four studies. Nine studies reported data on the percentages of mares, geldings and stallions/colts, and one study reported the percentage of males and females. The percentage of mares/females in the colic populations ranged from 37% to 64.5% (Table 6) .
Four studies had specific exclusions relating to age, two of these excluded horses less than one year old, and two excluded horses less than six months of age. One study only included horses with crib-biting / windsucking behaviour. There were specific exclusions relating to horses that had been euthanased or the type of colic in three studies (Table 6) .
Quality appraisal and risk of bias. One study was assessed using the JBI Critical Appraisal tool for cohort studies. It met all Criteria, except for Criterion 7 (valid and reliable measure of outcome) ( Table 7, S2) .
Eight studies were assessed using the JBI Critical Appraisal tool for case-control studies. One study met all ten Criteria, four studies met nine of the ten Criteria, one study met eight and two studies met 7/10. All eight studies met the case-control studies Criteria 1 (groups comparable), 3 (same criteria for cases and controls) and 9 (sufficient duration of exposure). Five studies met Criterion 2 (appropriate matching of cases and controls). Only three of the studies met Criterion 4 (standard, valid and reliable measure of exposure). Seven of the studies met Criteria 6 (identification of confounding factors), 7 (strategies to deal with confounding factors), 8 (standard, valid and reliable assessment of outcomes) and 10 (appropriate statistical analysis) ( Table 7, S2) .
Five studies were assessed using the JBI Critical Appraisal tool for analytical cross-sectional studies. None of the studies met all the Criteria. One study met seven of the eight Criteria, two met 6/8, one met 5/8, and one study met none of the eight Criteria. Four of the studies met the analytical cross-sectional studies Criteria 1 (inclusion criteria clearly defined), 2 (subjects and setting described in detail) and 3 (valid and reliable measure of exposure). Two of the studies met Criterion 4 (identification of confounding factors). Three of the studies met Criteria 5 (strategies to deal with confounding factors), 6 (participants free of outcome at exposure) and 8 (sufficient duration of follow up time). Only one study met Criterion 7 (valid and reliable assessment of outcomes) (Table 7, S2). 
Synthesis of results
The management risk factors identified from the 14 included publications related to feed, carer, exercise, pasture, water and housing. Eight studies reported an increased risk of colic associated with feed, but the specific factors investigated varied. Change in diet was the most commonly reported risk factor for colic-three studies reported an increased risk with a change in concentrate, four studies reported an increased risk with a change in hay, and two studies reported an increased risk with change in diet. The time period specified for the change varied, with three studies a change within previous two weeks, and two studies specifying a change within one year of the colic episode. Three studies reported an increased risk with feeding concentrate >2.5kg/day or oats >2.7kg/day. Two studies reported an increased risk with feeding whole grain corn, but one study reported this as a decreased risk of colic. One study reported an increased risk of colic with coastal grass hay and one reported an increased risk with feeding hay from round bales. One study reported an increased risk of crib-biting/windsucking with eating hay compared to haylage (Table 8) .
A reduced risk of colic was reported in one study if the owner was the sole carer for the horse. An increased risk of colic was reported in one study if the horse was exercised more than once a week, compared to horses at pasture (Table 8) .
Risks associated with pasture access were reported in two studies, with one study reporting an increased risk in horses with access to four pastures compared to those with access to one pasture, and the other study reported an increased risk with no access or a recent decrease in pasture access (Table 8) .
Risks associated with water access were reported in three studies, with two reporting an increased risk with no or decreased access to water, and one reporting a reduced risk of colic if water was provided from sources other than tanks, buckets or automatic drinkers (Table 8) .
A recent change in housing or stabling was reported as associated with an increased risk of colic in three studies, and one study reported an increased risk of crib-biting/windsucking during periods of increased stabling (Table 8) .
Discussion
Summary
This is the first combined scoping and systematic review in equine veterinary medicine. It is recommended to conduct a scoping review before each systematic review, but most published Table 7 . Quality appraisal of 1 cohort, 8 case-control and 5 cross-sectional publications appraised using the JBI quality appraisal tools for publications included in a systematic review of management risk factors for colic in the horse. Criteria descriptors can be found in Supporting Information Item 2 (Systematic Review Protocol). C1  C2  C3  C4  C5  C6  C7  C8  C9  C10  C11  Yes total Cohort studies
Publications
% of criterion attainment 100 100 100 100 100 100 0 100 100 100 100
Case-control studies
Cohen and Peloso (1996) 
% of criterion attainment 100 62.5 100 37.5 100 87.5 87.5 87.5 100 87.5
Cross-sectional studies studies only present the results of the systematic review. The findings of the scoping review are important to establish the breadth and depth of the existing literature, and identify the focus for the final systematic review. In this study, the scoping review provided a broad overview of the current evidence of risk factors across a range of different study types and conditions relating to colic. It summarised the type of study and key findings from 52 publications and 22 different risk factors for colic, which provides a concise source information for veterinary clinicians, researchers and horse owners. The scoping review defined where bodies of evidence for different risk factors were available or lacking. The three main areas of evidence related to horse factors, management factors and environment factors; there was new but limited evidence on factors such as stereotypies and behaviour and owner factors. The scoping review identified management factors as the focus for the systematic review. The systematic review focused on cohort, case-control or cross-sectional studies of management risk factors for colic. Fourteen publications that investigated management factors including feed, carer, exercise, pasture access, water and housing, were appraised. The risk factor identified most frequently was change in management. Change in feeding management was associated with an increased risk of colic in five studies, and a change in housing management was associated with an increased risk of colic in three studies. There were a number of limitations of the current published studies, many of which are common across a range of different veterinary research areas. The systematic review critical appraisal enabled these to be identified and quantified, and were used to inform recommendations for how future studies can be conducted, to improve the quality of evidence.
Methodology
The purpose of scoping reviews are to map out the existing literature within a specific area, and inform the feasibility and focus of subsequent systematic reviews [15, 18] . Scoping reviews do not appraise the quality of the evidence, but instead provide an overview of the available literature [15] . There are currently three scoping reviews reported in the equine veterinary literature, all published between 2017-2019. These include a scoping review of equine movement/ gait analysis [66] , a scoping review of systematic reviews and meta-analyses for bovine and equine veterinarians [67] , and a scoping review of acupuncture in companion animals [68] . The PRISMA extension for scoping reviews has recently been developed and published [69] . The JBI scoping review protocol is one of the key methodological frameworks currently used, but a range of other approaches have been described. One study [67] did not state which scoping review protocol they used, however they used the AMSTAR tool [70] for assessing the systematic reviews and meta-analyses (which was not applicable to the present study). One study [68] followed the scoping review framework proposed by Arksey et al. [15] . The third and most recent study [66] used the JBI scoping review protocol similar to the present study. None of the previous equine scoping reviews published a protocol-Rose et al. (2017) stated that they did not develop a detailed protocol a priori to conducting the scoping review, and the other two studies did not provide information on any a priori protocols. Development of a priori protocol is not mandatory, but helps define the methodology and goals, and reduces reporting bias; publication of protocols can also aid other researchers. Scoping and systematic review protocols can be registered online through Prospero (www.crd.york.ac.uk/prospero), however this is a database of health-related studies funded by the National Institute for Health Research, and their inclusion criteria is studies that are relevant to human health. There are no systems for registration of protocols of veterinary studies that do not have a direct impact on human health.
The data extracted in scoping reviews will vary depending on the objective or PICO (Problem, Intervention, Comparison, Outcome) questions for each scoping review. Scoping reviews may use other methodological frameworks for extracting and assessing data, for example the AMSTAR tool to assess abstracts [67] . The data extracted in this present study followed the recommendations from the JBI scoping review protocol guidelines. The main limitations of a scoping review are the lack of evidence appraisal, and therefore the outcomes are simply a summary of the types of literature available. A subsequent systematic review is required to provide the detailed evidence appraisal. The scoping review is however valuable to inform future research, by identifying gaps in the evidence and highlighting how future research can be improved, as well as identifying areas suitable for systematic review. The present scoping review provides a concise source of information for clinicians of the studies on risk factors, which should provide a useful reference to identify key studies for different areas. The data also highlights the number of studies that have investigated different types of colic, and risk factors. These can be used to inform the feasibility of future systematic reviews, for example on horse age and previous history of colic as risk factors for colic.
The systematic review provides a detailed evidence appraisal, which enables informed decisions on how the information from different studies should be interpreted. The JBI Institute is an international research centre, established in 1996, which has a range of critical appraisal tools and training to enhance evidence-based health care. JBI critical appraisal tools are widely used in systematic reviews [71, 72] , and there is a dedicated online journal (JBI Database of Systematic Reviews and Implementation Reports) which publishes systematic reviews which have used the JBI methodology (www.ovid.com/site/catalog/journals/13819.jsp). This present systematic review identified 14 publications for final inclusion and evidence appraisal. The inclusion criteria included cohort, case-control and cross-sectional studies to enable a range of relevant publications to be considered, but each of these study designs have their own critical appraisal tools, and therefore has to be appraised separately. Cohort and case-control studies can be considered more appropriate study designs for assessing risk factors, compared to cross-sectional studies, but this will depend on the methodological quality. A well-planned high quality cross-sectional study may have more reliable results than a poorly conducted cohort study, for example. The results of the quality appraisal in the current systematic review showed that the cohort and case-control studies achieved more of the methodological quality criteria relating to risk of bias in design, conduct and analysis than cross-sectional studies. This aligns with the type of studies best suited to answering an aetiological research question. A prospective cohort study is considered the most appropriate study design (other than systematic reviews and meta-analyses) to answer an aetiological research question [73] . The paucity of cohort studies (1/14) highlights the need for future research and funding to support this and improve the quality of the existing research.
Limitations
The limitations of both the scoping and systematic reviews were that the 'grey literature' was not included, and publications that were not available as full texts or in English were not included. A larger number of databases could have been searched, however those selected were based on the study by Grindlay et al. [74] , which described which were most appropriate for veterinary journals / publications. Conference proceedings and abstracts were identified through the CAB abstracts searches, but these were not included unless the full paper was available. The published literature may be biased towards positive results. Inclusion of the grey literature (including conference papers, unpublished clinical trials, theses or dissertations) is likely to include more studies with no findings or negative results [75] , and therefore publication bias is possible within this study.
Appraisal of publications may be subject to researcher bias, the protocols for both the scoping and systematic reviews in this study included appraisal by two independent researchers and the use of validated appraisal tools to ensure validity and reliability. Advice on the search strategy and methodology was obtained from an experienced information specialist (D. Grindlay).
Neither researcher involved in the search or appraisal received formal training in JBI methodology, and neither had experience as a librarian or information specialist, and this may impact the quality of the search and likelihood of errors [75] .
One of the limitations of the scoping and systematic reviews is that colic is defined as abdominal pain, and there are a number of potential different causes. The studies identified varied in terms of whether they investigated specific causes of abdominal pain, or horses showing clinical signs of abdominal pain irrespective of the cause. The scoping review methodology enabled this broad range of literature to be drawn together and categorised, and the charting process identifies the different aims and types of studies. This did however introduce a potential for error or lack of reproducibility, as the decision on whether to include studies depended on the researchers' interpretation that the study investigated colic. Limiting the review to studies that gave a clear and standardised definition of colic would ensure that the review was rigorous and reproducible by other researchers, however this would also have excluded the majority of studies. In this review, all abstracts and papers were reviewed and agreed by two researchers, with a third researcher contributing if there was disagreement, and any studies which were ambiguous at the title or abstract stage were retained for full evaluation. Recommendations are made below to suggest improvement for future research (e.g. including definitions of key terms such as colic), which would ensure that future reviews could be rigorous and repeatable in their inclusion and appraisal of studies.
There were a number of limitations of the study population used in the studies for both the scoping and the systematic review, which were highlighted through the data analysis. Many studies were not representative of the general population, both in terms of their geographical location and the type of veterinary practices where the data was collected. There was a relatively high proportion of studies based within referral hospitals (25/52 studies in the scoping review and 4/14 studies in the systematic review), which may limit the transferability of findings to the wider horse population. The majority of studies were based solely or partly in the US (22/52 studies in the scoping review and 8/14 studies in the systematic review), and the current study highlights the need for multicentre international studies to determine which risk factors are influenced by geographical location. The majority of studies in the systematic review were conducted more than 18 years ago: 9/14 studies were conducted before 2000, and the only prospective study in the present review was conducted in 1990/1991. There is therefore a need to repeat some of this research to determine whether these findings are still relevant to current equine management systems, particularly in an industry where there have been major changes in approaches to management and nutrition of the horse.
Prospective cohort studies are the most appropriate study design but are expensive and time-consuming to conduct. The most commonly used study design was case-control studies (33/52 studies in the scoping review and 8/14 studies in the systematic review). Case-control studies are appropriate for assessing risk factors, but may be susceptible to sampling bias or confounding factors. Criteria 1, 2, 3, 5 and 8 of the JBI critical appraisal tool for case-control studies relate to the use of controls. This was assessed in the critical appraisal in the systematic review. Controls were comparable to cases in terms of source population and in most publications, appropriate matching was conducted (62.5% of case-control studies). Areas of poor methodological quality across many publications in the systematic review included exposure/ risk factor measurement (37.5% adherence in case-control studies) and outcome/colic assessment validity (20% in cross-sectional studies), which were affected by compromised objectivity through observer reporting of colic cases by a variety of sources and the difficulty of confirming a diagnosis in many cases. Many studies did not provide a definition of colic, or clarify whether they included or excluded non-gastrointestinal cases of abdominal pain. A definition of abdominal pain, and how this was defined and determined by the researchers/and or assessors is important to enable comparison between different studies and determine the validity of outcome measures.
Across both the scoping and systematic review, there was significant variation in methodology, and often the justification for selecting risk factors, categorising ranges or selecting reference ranges was not stated, nor was it clear why authors had used different approaches to those described in previous papers. For example, two studies [54, 63] identified feeding whole grain as a potential risk factor; however one [54] did not describe what type of whole grain was investigated and the other [63] specified whole grain corn as the factor of interest. Another example is that the length of time measured between management change factors and occurrence of abdominal pain varied between two weeks [8, 32, 41] and one year [37, 63] .
Reference categories that were used for analysis were often inconsistent across different publications, for example age was reported as a risk factor in seven studies in the scoping review, but both the age categories and the reference ranges used varied between studies. Variation in reference ranges, definitions and categories, without giving any justification for alterations, limits the ability to consolidate findings in a comparative review. Consistency across research is essential to demonstrate a valid risk factor.
The time duration of the studies also varied. In the systematic review, most studies were 12 months or more. Four studies were less than 12 months duration [19, 32, 54, 63] , but a number of studies were longer duration, sometimes unrelated to the calendar year, and this may introduce a confounding factor. One study [55] for example, was conducted between January 1987 and June 1988, and therefore will have collected two sets of data for the months of January to June. Ideally, study time periods should be based around 12 month intervals (e.g. 12, 24 or 36 months), and time of year and season should be considered as potential confounding factor in data analysis.
There is likely to be an interaction between many risk factors, which may confound or influence results of non-standardised studies. This highlights the importance of multivariable logistic analysis, and also the effect of the researcher in identifying biologically plausible interactions when developing the final model. Most publications failed to acknowledge confounders or factors introducing bias.
There were only two studies [54, 57] which incorporated specific owner factors into their investigation, and yet this is a complex and influential aspect of the care of the horse. The more recent study [57] highlighted the variation in owner attitudes and their approaches to colic and horse management. Factors such as the owner's experience, the number of horses they care for, and their attitudes towards preventative health care (such as anthelmintic use and dental care), should be considered in future research on risk factors.
The main limitation of this systematic review and much of the evidence-based veterinary medicine across other diseases, is that it is based on less than ideal levels of evidence. Challenges within equine veterinary medicine as a whole are the lack of large scale data collection, the paucity of multi-centre international studies, and the high cost of conducting high quality studies (such as prospective cohort studies for risk factors), and this was demonstrated clearly in the present reviews on colic. The ideal study design is a multi-centre international prospective cohort study that spans different aspects of the horse population, but no studies currently meet these criteria. There have been some successful international collaborations [6] , and the development of online tools for recording and exchanging data makes this more achievable. If future studies are designed using a standardised method with consideration of previous research, levels of bias could be minimised, and findings repeated and validated across different studies and populations. Key aspects going forward will be the online publication of methodology and data, and the use of standardised keywords to enable effective electronic searches [76] . Retrospective tagging of keywords to dated publications would aid in collating research and ensuring it is indexed into the correct category.
Key recommendations for future research, arising from the present reviews are:
The establishment of international, multi-centre, prospective cohort studies for investigating risk factors to increase the number and quality of evidence available.
Use of similar reference ranges (e.g. used a standardised period of time to identify management change) and categories (e.g. using the same age, breed or sex reference categories to previous studies) to improve levels of evidence. Alterations in methodology should be justified and have a rational basis (e.g. based on new or emerging evidence).
Publication of methodology detail to describe how exposures and outcomes were assessed (e.g. online supplementary information on how colic was defined, inclusion criteria and how colic was assessed or confirmed).
The development of agreed research keywords used across all online publications to facilitate literature searching, using the model of the MeSH (Medical Subject Heading) thesaurus [76] .
These recommendations are based on the present scoping and systematic review of risk factors for colic in the horse. However the issues are present across equine veterinary medicine, and the recommendations are therefore relevant as broad principles for improving the overall quality of evidence-based veterinary medicine.
Summary of evidence
Despite the issues and limitations, these reviews identified and categorised the current evidence, and can be used to make a number of recommendations.
Increasing age of the horse was identified as a significant risk factor in seven studies in the scoping review. However the studies used a range of methodologies, and most used different ranges and reference categories. Appraisal of this evidence is needed to draw further conclusions about the age categories most at risk, but future research needs to show consistency in methodology to enable evidence to be consolidated.
Similarly, previous history of colic was associated with an increased risk of colic in seven studies in the scoping review, and appraisal of this evidence is warranted. However, again there is variability in how this is measured, with some studies reporting on colic that has occurred in the previous 12 months, one in the previous five years, and others not providing this detail. The majority of studies defined this as being within the previous 12 months, and using this definition for future research will add to the existing evidence base.
Crib biting and windsucking behaviour were reported as having a positive association with an increased risk of equine colic in five studies in the scoping review. These were published between 2004-2014, and this had not been reported in previous studies. Crib biting and windsucking behaviour should be investigated and considered as a potential confounding factor for future research into risk factors for colic.
The main findings of this study related to the management change factors identified in the scoping and systematic reviews. The largest body of evidence related to feeding management, although this spanned a number of different aspects of feeding, and there was again variations in how each was categorised. The detailed analysis within the systematic review enabled these to be described and evaluated. In the systematic review, high concentrate intake (>2.5kg/day) was identified as a risk factor in three of the studies. This is consistent with physiological studies that have shown changes in hindgut flora with increasing levels of carbohydrate feeding [77] . The amount and type of concentrate associated with increased risk however requires further investigation, including the amount of concentrate related to the size of the horse. Changes in feeding management associated with an increased risk of colic were the main finding relating to feed. This include changes in both forage and concentrate, and changes within the previous 2 weeks or the previous 12 months. Despite these variations in methodology and findings, there is still a reasonable body of evidence to support this as being a risk factor-three case-control studies in the systematic review reported an increased risk with recent (within two weeks) changes [8, 32, 41] .
The other main management factor related to changes in housing. This was identified as a significant risk factor in three case-control studies in the systematic review, and in all three studies this was reported as a recent (2 weeks or less) change in housing [32, 33, 45] . A change in housing or stabling may also be associated with change in feed and exercise, and therefore there is likely to be interaction between these factors. Change in management has long been anedoctally associated with colic, but the evidence from the systematic review supports this. Avoiding changes, or introducing changes gradually should be a key aspect of preventative management to reduce the risk of colic in the horse.
Conclusion
The scoping review collated and summarised the current literature on potential risk factors for colic and the systematic review appraised the evidence on management-related risk factors. The existing studies vary significantly in quality and in the methodology used. There is a need for consistency and transparency in study design and methodology, and for future funding of multi-centre international prospective cohort studies to improve the current evidence base. The present study makes recommendations on key steps to improve the quality of future research, based on critical appraisal of the current evidence. The systematic review identified that feeding high levels of concentrate, changes in feeding management, and changes in housing management were associated with increased risk of colic. These are all modifiable risk factors that can be adjusted by the owner/carer. This study is critical in describing the evidence for different risk factors for colic. This enables horse owners/carers and vets to make evidencebased decisions to plan their management and preventative care programmes to reduce the risk of colic, and identifies key areas for educational programmes for horse owners/carers. 
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